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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an inexpensive field 
emission type electron source which enables stable and efficient 
emission of electrons. 

SOLUTION: A rapidly heat-oxidized porous poly-silicon layer 6 is 
formed on the front face of an N-type silicon substrate 1 which is a 
conductive substrate, and a gold thin film 7 which is a metal thin 
film is formed on the rapidly heat-oxidized porous poly-silicon layer 
6. An ohmic electrode 2 is formed on the rear face of the N-type 
silicon substrate 1 . Voltage is impressed between the gold thin film 
7 and the ohmic electrode 2 with the gold thin film 7 which is a 
positive electrode with respect to the N-type silicon substrate 1, 
thereby the electrons injected from the N-type silicon substrate 1 
into the rapidly heat- oxidized porous poly-silicon layer 6 are 
emitted through the gold thin film 7. 
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ftfflW-l 1 - 3 2 9 2 1 3 



[It** 2] W«tt*«0!>— *fl5«l- 

[11**3] -blB*7LftO#y^y =^Jltt. #?L£ 
^Djft v^aK y v-y = ^Jit#agO{&^7Ky vy = ^Si: 

£ fc flit** 2 EttottJlfidttam-?*. 

[ii**4] ±ta#*L«<7>#y =xjitt, mtt 

6if ** l *fctt»**2|B«05«#»»a!«-^«. 
[ft** 5] -hlB^TLK^y^y =^JItt, *©ft'J 

[11**6] ±l^^y ayin, /^k-^otK 
[It** 7] -SifcitttfttW 

«sjxfc£*a>s>fe*£ t as*** 1 

[ft** 8 ] IS** i Btt0mJlfttt9m : FM<BK& 

vyavjifciwbu iWbSJxfc^TLRo^y vy = ^ 

. [tt** 9 ] it** 2 tzmnmftijk&mm^mcDmm 
^tfeot, w*tt*«±Ki#y^y = vji*r»* 
u vyayimitftu *JL»b«**bfc#y 

[if** i o ] _h!E# y ^ y a >^Ho#?LK{bi-fofe 

o-Cti, #*L8e*>i«v*3tfy vy =^St^?LSo<&VN7K 
y v y = >/■ t a* assess $ J: 3 ic^jLWbo A 
#££<b£-££r. t Sr«p«ti-6»**8*fcfi»*« 

9 E«^«#ttwai«^w«>»3S*a. 
[if** i i ] jjb# y v y a ^JB*>0*L«{bfc:;fefc: 



** 9 iB«oB*ttWl!fi^«^Stag*j£. 
[ff**l2]' f»**i 7!>Sfi**7 (DVvfftd^lE 

10 [If** l 3 ] IS** l 75 ** 7 o^TtudMwIS 

ttomjMfcatMflK*^ h y ***n-*j*u #«* 

ft 2:. ±IE41»»-#fiEi$ix5SWtSt «:« 
[§f**l 4] '>fc< i: t>fi**l7I>Mli**7 0V^ 
[0 0 0 1] 

£5pjfi3 Lfc¥®»*««*3 J: tfx -f * ^ W J: tjk 
HfrJCS'r^^ ^ It Hi" 5 t©-efc5, 

[0 0 0 2] 

[S£3fcO&#r] tS*J:!K f MMl^f i Its #J 

*.K*H#fF3 6 6 5 2 4 1 ^ft£*t£lM§;^&;ft/tV^^ 

30 fr^S^fc'^h (Spindt) SfBffiirWiixSfcro^fc 
*r«a*-&5*k**7L*r*i"*^ tfe*- 31 * y^^y^l- 

bikl*?L«:3iL-cm^lft*rlk*i"«> i b«>-e*>s Q 
[0 0 0 3] Ud»L43&sfe. ^tr^hSfiffittN ffiiS^ 

zzytrnm^fj w ft ^js«i"5»-fr»w*ffi8Mk 
m#^ 5 ^^ y^f-y^ojfeWdjft^i-so-c, 

^■5/^<oifefiS^W?Si-Sd^, ^%v#*f-vf<»9tSfoft 
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3 

10" 6 Pa) -ettffli-S^*^*)?), a*h**ilK45 

[0 0 0 4] ^©«©^A*feafc»i-afc«>fc:* MIM 
(Metal Insulator -Metal )^C^»MO S (Metal Oxid 
e Sem i conductor) H^fSfl-tfeWSfR^W^SIg $ 
i^S. il»#ttA«-l6«ll~&*v «#li&*-MMblIII 

[0 0 0 5 ] i£*FTtt, #i?8 - 2 5 0 7 6 6 

[0 0 0 6] #18^9 - 2 5 9 7 9 5 -g*£r$&|C 

M\ ±IB«fM^8- 2 5 0 7 6 6-g-^#tcM^^ttTV^ 

[ioo] *ffi]*saffitcSfi^iarfi]urvN5ct*s, 

*i-c^* 0 ^^ifet ttii, »»iv!)3yo (10 
0) £fi«r»«lfe{b1-&£* »^$S/iml:bfc 

[0 0 0 7 ] 

«BH¥8- 2 5 0 7 6 6*^»t^ta«C0«#S[*tS«^ 

= ^ hy^Wb3ft«IBLv^fcv^5^**i«fcS Q # 

WW 8.- 2 5 0 7 6 6*^»*3.fctf#|Jli5£9 - 2 5 9 7 

[0008] *»Wtt-biB**«c:tt^r*$*bfcto-e 



(3) #IW^ 1 1 -3 2 9 2 1 3 

[0 0 0 9 ] 

mm*M»:1rZ>tiisb<D^m »*giiG>*WW:, -tie 

20 «^*:®a^ba.tw&=^ Mb#piiBfc4&, 
[ooio] »**2ro3Bww:, «m&x&i:* 

j.om^-attjB*tc3Ky feL-xm 

t-CtSo-C, ttSsoiJ^^WfMEttfc^TLWbUfc 

«-r-t«o*fflsr{batws=^ Mb#*r»w46o 

[0 0 11] W*3«3^»Wtt, »*«l*fcW:BI*a 
2<7>3§^:fc^T. JLtB#*UW>#y vy a^Jitt, # 

?l&<D^\,^i) i/y ravs^Tueox&v^y vy = >- 
[0012] tt#«4oan^ »**i*fc»±iii** 

^ 2^^0^{c4oVn-c, _hE#?LSto#y vy aV'JItt, i? 
^#M^#?LflEd«i«»«J^ae<b tfcit'fo^: i $r#m 

[0 0 13] flt*«5 0>3B9]tt* *fcttf»*« 

2o58w^*svn-Cx -Lte^?LW^^y vy a 

[0 0 14] »**6<0«5MtfN fB**l7!?M«3ft«5 

50 jKyv!i=y|ftOT, lMb*fctt»b$ix*:#7LKo 
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#*»ft©T«»#S*fc:ftS g 
[0015] M#4( 7 GO^te, 1 Jbmm^m 6 70 

BSHbRM&a* Mb* s PT«fc:ft5. 
[0016] if #JS 8 OJSI^H. 1 IB«(7)m^^ 

D^vl^MU ^y i/y s^JUfc^JLRfbU 

KfbSfrfctfy *>y = >»*rSMbu ikft*ixfc#?LK 
[0017] Mi3R9 9oj8«it 2 

y=yf?r«U #y vy =>^H«r#*lJMfcU 
o# y v-y a^Jl-bicAIMHItJ: 9 ^5>li^Mt5 

Ws«»«*ft«31^ 

[0 0 18] 0O»Mti. W*3l8*fc:ttBI# 

*9w3SWi-*5v>"c. _bia^y ->y a>-gco#?Lw<b(ci 
[oo i9] »jfrsi »**8*fctt«* ^ 

^9<7)^t;:;fo^T, JtlB#y Vy a^jfO#?LS>fbJ- 
[0 0 2 0 ] 2 0*Ett, 

T^v^-rixdMwianomjMkwaw^iit. -leak* 
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<, »5fi^ffl*»-ftSfct4>JwWa<735pffi»*»«*r* 
[0 0 2 1 ] 1 3 <Z>3SW ft* 1 T^MIS*^ 

[0 0 2 2] R3jC9l 4(D^P^ii v />ft< fcfcl*Jfc*l 

/M^roJ:5 man?&^ *R it 5 &® # ft < . /MMb# 
i36«-e*, »Wfc^B*«ffi^'<^ ****** 

[0 0 2 3] ^r^>T% *38W#W\ fift«W3E^*S*. 
**oa*-eittM L*:«W1¥ 8-250766 *4W&*3 
cfctf#lfl¥ 9-259795 *^«^IS*60»ag-ett % 

vyaysfi* if o*aw*at««> a=*B« * # ?l 

[0 0 2 4] 

[5S W 0>Ht6<£>fl21»] ( jliiSflSlft l ) El 1 lw**ifiJg1B 
OlMMIlfll 0(Dm&&f&W&s H2 (a) - 

(e) fc«JM*»ai«-^«l 0i©«a*lfe»C*5»*** 
XS»r®EI«:^"t\ ft*^ ^^ife^^T-t±, 
tUnf^yaySSl (SPl^^S&O. lQcmO 

(i o o) mm ^t^^tvn^o 

[0 0 2 5 ] ^Htfi^ffi^^SikWS*^®.! OH. El 
1 d^-fct 9 1^ n^Vl) a ^Sfi 1 ro±*i±Ma 

l&&ik&*iti-#}) v^y a>-@ s^^$tb N s^TKyvy 
^ y§ 5 nit iiiib $ ^ y ^ y a>jf 6 
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(5) 

7 

[0 0 2 6 ] tZ.*>X\ *MB»tt"CW^ ^m^Sfei: 
»1 0<DA««r««U#?L«#y vy = VJi 6 
v^a-fr^Jfc^T, «^8Ko*Bra*b*5j:i«fc=i* Mb 

#^fttfc4*. 

[0027] £fc N ±»©#*l«# y v y' = ^Ji 6 w\ 
^m-ns^ t &mmm t <dk ic we & »d ufc t * 

9, «fMt5^t4<) #awyvyayi6w 

L<l±5nmJ:t)t/h$v^t)^J:v> 0 4*3> *:£tlK?B 

[oo2 8] *jiifi*Wii*5v^Ttt, &mmmt 
HtHei ocoiEffi^w^i-stiO-cfo'?, *?L«2Kyv 
v&nmtfv vy a^jie^asffi^sautftr- 

xy^K &&4if£rJf^-ct>«fcv\ ^cott^ 

H^Ct^S. 1 0 eV N 7;U^nr)A^ftfTOi4. 2 
8eV, ^aA<7?tt*KUftfi4. 5 0 e V, f^fXT 
V<Of±*B8»tt 4 . 5 5eV l ^^Oft*Ba»tt 
5. 15eV, S^^tt^H^t±5. 6 5eVCfc5, 50 
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[ 0 0 2 9] £AT\ MTkJj&Zm 2 bRfl 
[0 0 3 0] tf, n^ya^Sfil^IBI^-^ 

^^l^2^ifcf, nivy^ygfii^ifw 
ISJ^^b&i . 5 /im^yy k— -?<Dtf\) vy = >J§ 3 £- 
Mt5>C tlcJ: 9E12 (a) tc^-TJ; 5 4»3t*?#fe 
iis 0 /Kyv/y3yl3(7)^in lpcvdsi:J:d 

fTV\ rtlKftWtt, M£it£r 2 0 P a , SffiaaS: 6 4 
Ot, V^^OfffLik^: 600sccm£ bfc 0 

4*5, #yvyay)i3o«itt, w«*fea&K#¥** 

**6©8hfrlcttL PC VDS^/<y^^«t ^froT 
C V D & »c «fc 9 iJWttSMLb [:7^7 7^VU=iyiS: 

tc#y vy a^Ji«r»a:-i-**8fettcvDife«ii»5e*ix 

5t©'CH4<x «x.«CGS (Continuous Grain S 
i I i con) a^lCVDMt^fflv^'b «fcv\> 
[0 0 3 1 ] y^K-^jKyt^y =^Ji3£»jSUt 
5 5 w t %©7 y ft***»8 1 ^ ^ / - ^i ** 
1 : i^»*Lfc^*J:D4*«Wtt*rJI!v^ 
S (Hl^-f) n*vya^StRl Ss> 

fTV^43ftse>s««-e»aiMb«!sasrff 5 - Haot, 
#*Lft#y vy 3^)14 (j^t, ppsi4«t) a* 

M$tt0 2 (b) fc*1"J:5 4*ita*#fe*b5« 4 

*5, #jt*««"ett. »WMbte«o*#* lt* ««k 

1 OmA/cm 2 -^ »«»ft^M«r 3 0»fc 

iMWl:5 0 0WO^y^fy7 

«9 ^y v-y =2^@3o^®^3fe^^fTo^ 0 

yvy3yi4is»Sc?tifco 4^. *^J6?f^iB"ett. 
3Ky vy a^Jl3<z>— »*r#TLmb.u-cv^*«, ^y"> 

y a^BS^Wfr^MMbLT-fc «tv^ c 
[0 0 3 2 ] ^fc N «Li*«ft*^b (RTO ; Rapid Therm 
al Oxidation) SSiaot P P Si4R^y i/y 
a^JI3 0*ai»Wbtrt?5 rfcfcJ: 0B2 (c) 
i-*tafid s #e>^S 0 :^l-> El 2 (c) |C*5*"t^5^ 
jMRIMbSi'Wfctfy vy a^gSr, 6«ft5t*&tt<b*ix 
fcPPSl (J^T, RTO-PPSl6^t) 
-To «ii!ft^bo*«= ^ Uttt, K^b?B.SS:9 0 0t, 
K^bWRO*' l ^Ki: Ufc 0 4.*5. PP 

s m 4 RtjsiK y^y = yf3 <^$Hb $r^S!ftK<bt- «t 
ffoTi^^ es^-eiMbiafti^ttti-sci^^i 

tBt?*>!), ii«(D*F*^«^-<^»^b3SS-CBaat46 
A#»i»«>**i&*IMb«r»*li-5wfc3fts-C#S. 
I»itft M^M*iaoTPPSl4W 
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#}) vy = vJl3«:A^lMbL"C^a**, ft&MMMb 

Set 5tcLTt>ci:<, »b<0»frfc«:* it^7X7 |c 
[0 0 3 3] RTO-PPSl6±lCiIii^ 

(§32 (d) mi) ^irmmtom^tkittmm^u. i o 

defeat*. M17oif 

[0 0 3 4] J^7\ **tt*tt<Dm#tt»ffl«-T« 1 0 

[0 0 3 5] i^^BJMft^ffim^aS 1 0 SrKS^^r ^ 
'< m^-T) rtl^AU, B 3 i. o \z&mWk 20 
7 tttfa-tZtiLWlza is?*mm2 1 (8cM*-7-iKM« 
tt) SrEllU w<rt©Jt3S£*rtt5 x 1 0" 5 

Paat, A»K7i*-^y^««2fco|H»c:iE8K 

mffvpsSrEp^D-rs t 1 1^, ^^^1121^1 

K7 fcolB^ii:isSmBEVc*rH3lini-6wi^J:o-C, & 
Wi7fct-^j/^IS2t <&IBfcSE*v* ^-f Km 
Wlpsfc, *#»**S!«T«l 0d*bA»il7SrfflL-C 

^a^SftW^mSC I e£ SrffllS UfcJfe*S:l2I 4 ^ JO 
■To 4ii7ttt-^^ttt2 n 

^vyaySfil) (c^LTIE^t LTlE^mffiVpsS: 
RPJPU =^^tS2ltt4*l7l:»U]EatL 
r tS^mffi Vc^rHiJP ltv^ 0 
[0 0 3 6] [U4 0ttNtt&ft*EVps<DfK«\ 

U l^lEl + o^ (O) K««I 
ps£, ^H*<acr (•) dSjttfflm^WiK I et^t. 4 
*5 N iS^mffVcJl 1 0 0 V— fcb Lfc 0 
[0 0 3 7] IS 4 d»6> J: o t-s SctUS^mSt I 

el±*SEmEEVps3&SjEOi:*0^*lBStb. KSKiaEV ^ 40 
ps(DM tiffin £ it: 5 Cotity^f KK8E I ps&Tttfc 
m«^«at I efc fctfilDL*:. ittSftmBEVpsS: 
I5vafc^, 94*— K«8t I P80*aE«*ttlS 
1 0 0 m A/ c m 2 , I eO«Sft«Stt* 1 

0^A/cm 2 tfo!), r^&mS^m* IefcHittefiS* 
«-e»WLfc*tt*vy 3^SSro*®Sr#7LR>fbi-S 

r t \z x v *a*^5*#»»am^-«^H:^'r*#4 

WflWM^ED 9 6-14 
1 , P 4 1 - 4 6 \z J:tb«. H^mJEVps^r 15VR 
fcit, KM I P80«W«I»4 0 mA/ 50 
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JO 

cm 2 , $kmm*M%L I eODmSS*ate»&l M A/ cm 2 

[0038] E9 5 Ki, £ ^o^ttim^m* I e t ttSKSJE 
Vps t — ^£rF owler— Nordhei 

m (77!)7-/^hW^) y h LfcgftS:^ 

^mm^m^ft I ettt^»4 h J: 

W(0««|^I2I6 oct*^*^^ KHf-J: ^fttW-fSo 4 
*5, |g6*<Dn + "S i UnJF^v-y 3^5811 ^ RT 
0-PPSIi±i^RT0-PPSl6^ SiOxtt 

rto-pp s ■ 6 ro**Bi^M v y 

Autt4WH7fc, EfH7x;^;1/^, E 
VActtKffiU^/^Srx ^rtb-e^i-o 13 6 (a) 

^H^mffiVpsOfn^JPiuco^^^b, 19 6 (b) 
at«ffiVp6S:BI»DLfcfc#O*t1IB$:^1- 0 4SH*7S:n 

ras^y a^sts i k*i-l-cje«* L-ri^mjEvps$rfn 
apu ^oa:««flEvp83ft«Bf3e« (bsjhk) i-at-rs 
i:, [§16 (b) tw^-r «t p t-. n^ys^isiw* 

t)RTO-PPSi6 Id^^^iw X K> Hrf e " A 
$ti5c ilSB«JEVpsOJ5k^iftt*l§SIH4 
ORTO-P P S§6 W»o"CV>50^ i^A^tb/c 
tfe-liRTO-PP SJlertteffffil-SSMl* (¥ 
^Jl^HS&10 5 V/cm) [:<totKH7h^tl, ?F 
«IU4^ ^i^A^fe^ if ©KSLfc i: "9 aMBpi**' 
^^^*v^4^^b^®#J^r^/^> i ^•rv^ < (4*5, rcoi§^ 
-cMi^msi^cfc^m^it^^ 1 ? 5S) o rto-p 

P S^6^^®^PJ^bfcm^e"^, »WI«t^ 

^ (ffeV^-=F) knfLhk^, m^ty^k*) RTO-P 
P s|6roft8i©s i OxOf^O' KSr^L-CAW 

[0 0 3 9] r.C0^f^^r$tl^i-6fc^^, ^^»^^<7D 

(E) oai^^u^^jtrlBftUfcteAtH?^^. Bl 
7t-*3V>T, -<HiE^mEEVps$r l 2 Vt Ufc©#, n 
HiSaEHJEVps*- 1 5 ^teHfttmffVps 
Sri 8VitfcS*. ^^n^tb^-r o H7d»e>\ 

C03H^;u^n (E) W^i^^^^tiifcRW^ d — K"C 

OTDi-Si£affimffivps(7>*l*pt fc ^^t°--^&B^^^ 

T O - P P S 1 6 S^fi^^ < ^ RTO-PP 

6(0^®^^^Lfc«T-»i+^4^^^^^ ; t-r 
^>^x^ FuyefcSt^x.bh-S. 4*3, HI 6 
^OZl^i»-e^b^:RArtoEi^, ^ttlEBU^m^^ 
**/u^»*n (E) fch^*/H*tU**T (E) 
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(7) 

U 

N (E) <D^*J\s*e&'fii<W&Wtn (E) tT (E) t 
0*»;iJ:»>ftS3 (N (E) =n .(E) T (E) ) o 

it^m£vps<Dmffi^±f*ni-s^ n (e) « 

^^UN (E) h^temz^*Jl>3rW^>7 hi~ 

[0 0 4 0] 4d3, J»5p»JR»^*T«fPL-CU*5» 
v^ff^^m^StfTv^v^i/N? C t tt, RTO- P 

- K«a i ps^Dct wan^ii i jT,«u*>«i*aE 

-Cfc0 N I^O^(7)-f tfi?**— K««Ipsfc % I^EI*^ 

Vps£ l 5 V — g x S8RfBJEVc£ 10 0 V-£ t Lfc 
»&<ojBlg:-efeSo HI 8 d>b 5 ^ *Hifi^ffi 

ttn^fiiB LX^BS— fe(n>¥<<*- MB8E I ps&tfScffi 
« J F«atIeS:«y*i-5>-t* 5 T-#So--^ttx RTO 
-PPSi 6'te#^U"f ^*iis#5Lfftt#^^^ 

wur^ft^ifeasix, ia*ji#3fl**ii«six5A»fe-e*> 

[0 0 4 1 ] *l£lK^lBo«#ScA#ffi«^W 1 0 

1 ps&vv&mm+nffi 1 e<7^b£^i\ ia 9 

«#SSS, ?K I^EI*£>>f (O) 

K«8K I ps£, MtOD (•) dSftttJ*^- 

[ 0 0 4 2] *ja6»tt-Ctt, W«tt*tRtLTn»^ 
y^>S^l (figt*ds»0. lQcmW (100) S 50 
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12 

fi) Srffl^TV^j&S, W*ttaStRttn*V!J soffit- 

S«ftif»2:aW»«tt«i I TO : Indium 

Tin Oxide) ^6^^ d Aftir^Stttl^M U: 

(tasiR*fflv%5»*^^T*iBfll<t;RtWft 3 ^ Mb* 5 

[0 0 4 3] (Hlfc^ffi 2 ) *3Ufi^»C0«*»»®« 

¥U 1 0 cq£**« ttE 1 f-^ Lfc3HB*« 1 fc ISW c 
-efco-ei2j^£«l&U S!3&#8r£rE] 1 0Ml 1 S: 

^•t5#?Lg^yvu=yi6^ [211 i (c) ic^-r 
#y vy = ^J16 a t d«SES«caiJBSiT,fcJl^ cowrie 

ySSl («tt** J l*0. lQcmW (100) M) 

[0044] *T % nfi/yayssioliw-^; 
JBjai-SifclciOHl 0 (a) td^H-cfc 5ftfl*it## 

[0 0 4 5] ftl:, 5 5 w f %W7 y<k****»tfc3: 

si w— s**«ffi2) &:E«fcUT\ 

iiiWl^tti:, f»S^2. 5mA/c 

SiS^2 0mA/cm 2 -^ HrMMbBfrlB*: 
nS2^#tlr^U il^^ttt^iWb^ 

m 2 (D&nwmmmtmmk sr^stc 3 9 s 

t% jr 1 o*#T?o»*iMb3& s *T ufcw^-ett. ^y 
v y 3 3 ^ss^'Jt-^TLSoi&v ^^?L J g:^ y v y 3 

Vj§4a (J^T> PPS14 a t^t) OTBStSfrbH 1 

0 (b) ^-t-J:5*«3fi^»bixS. 
*#-eco»a«<b^»T Ufe^P^-Cti^ _hlB^?LW^y 
v y 3 4 a J; H nf v y 3 y^S 1 pps 

* 4 a «fc D t>#?Lg<7>ifBV^?L«zK y V y = 4 b 
(KT, PPSl4b^t) 3^»flc**tiai0 (c) 
tc^-T«t 5 ttWit^Wb^S. Ld^ur, % l 
K 2 (D*#-eo»ffiSMba5 3 0fo^T utc^F^TH, 

PPSf4ai:PPSl4bk $ ttfcg] 1 

1 (a) \ziFtW&&nhtbZ> 0 **lfi«lB-e 

H N PPS14 atPPSi4bttoaiij|J:9<C5 

#?L^4<y vy 3 vgo^^np&i /x m-efoofco * 
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[ 0 0 4 6 ] AiSJRBKb (RTO : Rapid Therm 

al Oxidation) gcftf I- J: oT^T^ P P S@4 a , 4 

mil (b) fc^-tmifitfWfeJ'ua. Eli i 

^r, 6 a, 6 btt«LaHIMMbS*tfc±E#?Ljr#y 

^^S (£AT. RTO-PPS|6a, 6bt»t) £ 70 

•c, »{b*HB«ri«piBi:Lfc. 4*s % *jas»tt-ett, 

PPSg4a, 4 bR^U Vy = V'JI 3 OKibfcAie 

n^^^it^^ a«©*F^*^-r^K{b»« 

[0 0 4 7 ] ^<D^ illORTO-PPSi6ai 

itiot.Bii (c) fc*t**^mjM(*si«* 20 

<Djg|Jp£rll&l Onmi: L7c^ C (7>§|j^te3#«l£1- 5 
£«ffi*>jE8i (7/-K) fcU Sy*m«2*r* 
[0 0 4 8 ] EU\ *Mfc»«©«*ttltfflm*« 1 0 
[0 0 4 9] JbE^«#»**S!«rPi!I 1 0 > 

£^£^5 X 1 O- 5 P a i: LT, 7 2:^—^ ^ 

««2i:©IK»c:li:«mffiVp8«rHiaii-Sta:felc, u 

b&*^7 &mi,xi&m£tiz>n*e- (4*k si3^ 

£ LTaSKWEVpsSrEPftlU ^«H2 l fi&» 

[0050] is! i 2 o*«itta:»«EEvp8oa[fe, 

tt««***r^U [^H^tfM (O) 3ft«yw*-K«« 
IpsSr, H^^con (•) *s»tti«^«a£ I eSr^-To 

4*3. iSSKWEEVcttl 0 0 V— L/c e 
[ 0 0 5 1 ] mi 23ft»bt»d»5J: 5^ #Ht&i21Bt- 



1 1 - 3 2 9 2 1 3 

$i£5^o*vT^*"-- K«» I psStfifefeffl^WSK I 
e*t>*MWLfc. mtfx lEcft^EEVps^r 1 5Vi:U: 

KSI I psOljjgf SUfi 1 m A/ c m 
2 , ftfcHtirFWaE I eOftSlteff UBS 4 /i A/ c m 2 "Cfo 

a van *>*b *r#*L«nbi- 
^s«#sfe»a«^« (#i§¥8 - 2 5 0 7 e e-^^a 

¥#ED96-141, P 4 1 - 4 6 Icfctbtf. iSSKIS 
J£ Vps£r 1 5V^U:^, ^-f a— I ps^m^ 

fgW40mA/cm 2 , I eO«SK«ft 

l«l/iA/cm 2 t*fo5) , *XK*tt0>«#iMta! 

[0 0 5 2] 01 3tC N ^OttWflrPWSfc I e iriUffftm 
EEVpsi ^Hi-^-r— ^§:F owler— Nordhe 

i m (77!)7-/^ hWA) :7°a y h L 
1% Hi 3 J: 19. #f-^^I»±lw05: t*><b, C 

[0053] m 1 4 tt*st*»iiio«#ttJi*a!m^FiR i 
oroy-r^- K«ss 1 ps^octr/^mm^m^ i e^n^ 
ixo«^F^bS:^i-^7 7"efoo-c, ««i^i*IB, ^ 

RBa*0-<*sy-f K«»Ips 
Plia^^o^Jkttim^WaEI eSr^-To 4*5x [§11 
iE«mffVps^2 tt^mHEVc^l 0 

ms^is 1 1 mm. ?<< k«* 1 PS. ^aiifi^ 
ieH*fct>#y fc - >-^*tima!j$tb-f. «f raffia 
k«ss 1 ps&t^scmm^ms i 

^igSi/y 3 xaESo»B5«r#7L»bi"«>r J: «9 

[0054] 4*5, jra^HMeiMbteaojfcftt it 

^-Tcfc 9 l-x iW?r0mA/cm 2 tirW 
-fb^Bfltebx 2 0WtfM5r0mA/crn2^lb 
20raA/cm^r*D^^ t t , t\ mSft«aSr 2 
»IBS*t2. 5mA/cm 2 ^-r^^^$r3[E]^tt^J: 

£>6o r^^tCH, m*^S^2. 5mA//cm 2 i: 

[0 0 5 5] (Hifi^lB 3 ) ^Xtt^ffi^W^ttMSV 
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y=>>SSl (»8t*36**0. lQcm(D (100) S 

[0056] ^f, nr^y^yssi^ii^-^ 
■W^ifti. 5 nm<o; >- k— ^o;Ky *vy = y§3 £ 

JSflttSiiiaUHie (a) fc^-t" < k5 4«HtJ& s # 
[0 0 5 7 ] ft^ 5 5 w t %<^7 y to^TKS^t 3: 

? 0 ^^;:*3^-t, tofflBttttumtt, «s^omA 

ifS$rOmA/cm 2 ^b 2 OmA/c m 2 ttM^. 

tiJbP^ii:6 e flU MIM»l:tt5 0 0 

i") tfWjaStuHl 6 (b) ^i-£5 4*ata s #fe*b 
So 4*3, *jMS»1»-ett^ PPSg4 cOffi|J?teBfrl 

3<0-»&**LR{bL-CV^as, #y vy 3yf3iffl 

*r#MHbucfc.fcv\ 

[0 0 5 8] M»ffi«iaotPPSl4 
c&tf#y = :xJi3oAj*llMMbfct^ (^jS^M 
\t<D0kfth Ltlt H^b&ae«r9 0 or, ttftWPlWS: 1 

^Mt^c^iaot, m i 6 (c) (c^tt^cot 

i ott&mm7&mm<DiEm (tv-k) tu 
v9'w&2*bM cay— K) t-rs^-r^- KM*J* 

£*b£ 0 Ell 6 (c) iC*3^-t, 5tt*lj£!ftBMb 

|4c (RTO-P P Sf6) £r^1% 
[0 0 5 9] fc*3, »«IMbAa^*3 

te, nf/>y = >m«L 1 KiiSvMM#«#JL*-e*Bfcifi 
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[0060] mmwM 4) in 1 7 \^nmrm i 

£^1% 4*3, jtlfcWllll kn*^«***fc^v^tt 

sfc*ts«rF-as i o t urn mss^flg2 t-titenwMM 

[0061] *sai6»«<o¥ffi**a«w:, mft&L&m 
m+m io t, m^n^mm^m 1 o o&sn 7 u:»is] 
BH$ix%an«S3 1 a««s3 1 ^^«# 

1 tt#?*£«4afa>aMB;K3 3 CiWltfeio 

mwm&3 iRU^±i^3 2#jR£3*bfc»W 
S3 3ll^^-t3 4 ^Itt^Mil^H 0 £ 

— fMbLTfc!^ SWfi3 3 fc*'*— ^3 4 tmiMfcl* 
Il^-U 0 tT*ll£;h,£rt&£fifl£^^K£ft^-l' 
^T't, **#3 2 0«*«raWfl«3 1^8W3 

[0062] *n«i^iigo3|z:ffi5SAsst*3VN-c. aw 

m^3 1 Sr^*IK7tc*|-urjEl£^ lift 

-c, «#&»®«^-ai 1 0 <D&mm 7 1 ^ * * mm 

2 t<oK\c 1 5VlgoEllEVps^iLtff$r 
Itfll 0 3&»btt»**uSiktti«-7-««Ie*flC3&SA 

mT-e-(Dattb^t£^ofcl9^^ofc SH-SCL t4<* 
5p^Ti:4o*rv^^>w•i:S:^i-|^E^E"Cfc5 0 Lfc^oT, 
*Hlfi»1i"eH, l^e-^»l7<7)®rt-CB&^- IC 

v^P>i^SiRK«ffiS^sS3!^t^>ie:«* s 4<x «Jtd s «S*^4 

m^i 0 ^bol^ oUtttl^^TK y t'y^t^i 
L4v^t\ ^tf^^>4<i-^c^^-C#So 

[0 0 6 3] (»|5) HI 1 8 tcHJg^ftg 1 4V> L 

?gffi 1 4v^ Ujttt»» 3 ov^-rtud^c|B«o*#»»a! 
■^hy^^ny^D — ;Hh]8S 41^Y^hy^^ = > / b 

J0 te, X-^ h y = V ho— /MUi§4 1 i: Y-^ h D 2* 
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[ 0 0 6 4.] *sK«swf^^/wai-e 

JMfcltaMtHBi l Od^SkWStbSm^UH^J:!?^** 
7 * Sffi* ^oS^fi i-SMSflM ttfc^o 

[0065] Jt^o x 5 icmiMatsw-?* 

Lfc*Sot, «*©J:5 4«II4^ 
* K*^**fcRtt*#K#ft<, iMMwftf^*:^ 

[oo66] cms^jg 6) ai9 i tcis« 20 
fftt^sw^* 1 0 1 i^xnmmmm 2 

[0 0 6 7] *«B6»(7)HWaf f /M^H, = «* 
^>f^OTfeot N «#»»S!«'=P«i ofe^y- 
y - K«« 5 1 (»tt) £§2^ u r;- K«« 5 1 1 

[0068] *nmtem<Dm#n&7 t s*'( m&i& 

7/- K*«5 1 i^S!7 ioMfcHMfflS 

l ^:^y — Kt^W^ry- K«8ft I a#8tft 
S Q 4*5, Z.<DT/ — YmM I a<Z>*:£;*te, ^!lyK 

5 2«r«stu^y 5/K5 2tt— ; y^m«2 to 
m wan- a ttaewE v gofg £ »t s * a - «t 0 

[ 0 0 6 9 ] «^S^f/W ^itfcm-T-ttJ&Srffl^fc 
[0 0 7 0 ] ft'*3. ^jatWtt-CttHM^-Y 



«?1 1 - 3 2 9 2 1 3 

[0 0 7 1 ] 

#y = >'S±«w^$tb^JR»Ki:S:Mx.x 

&ft ^©**(«6tt«>«llfc^ 7 ^Sffift if fcHMMSKS: 
*tf;Ufc«*ft^*rttffli-3>wtfe-C#5^b, 

[ 0 0 7 2 ] »**2fl538Mtt, ^IM^t, 
Stt BB«I J« $ fi/»<b £ ixfc ^ / > - * m& <d 

y vy 3 ^Ji±lc*flESKfcA*i»Blfc 

ft if o ote^^^-^g^ ft if tc3f Sr flg 
dtUfcKSft^«rtt«i- : 5wi:t'e#aA»e>. 

t^(s=^ hft^^riBiwftsfcv^ja*^*)^, 

[0 0 7 3 ] JH*9l6«>»Wtt, M#*175EBMW[5 
ojBWfcisv^r, ±E#yvyay*^ /isY—-?<n 
&y v-y 3^gftor% iMb^fcttSMbS^fc^THtw 
7Kyi/y=iyim«i4^ ±iB«E*TOoi-s 

C h \z. J: ?) !^?Lg<z> ^yvy^yf^ i ft o 

W*tt*S«^b**?L«OaKy i/y =^Ii:EA- 
Sixfcm^AS Ky "7 h Lt^?LI^^yv/y ^^Hco 
tElciL, fry Y^Xst hoy^ Lt^IiS^r h >- 
6 £ t \z X 9 m^ds tfel* § 5 s JbfS^ y V 

^7p:^^(Dr^^^^^^-ft : 5>i:V^ 58!i** s fcSo 

[0074] 7 cosg^ it 3^35 1 nmmmm 6 

vy nxXSft^o^illffiStttr^v^lfrfrlwfcfc^-c*: 
ffi«Wbi&tMg;=»* h{bdS"5Tffi^ftS tv^5Sb**s*>So 

[0075] MM8osmt is^^m^^ 
5(5 «fflm^«©»Jft*tt-efco-c. w«ttJ6«-bi-^y ^ 



19 

» 5ifc**T?*Sfcv*5 fc 

[0 0 7 6] «|3ft3j9 0»M»±, lS^2|B®om#^ 

IWbSftfctfy vy =xJl*:»bU »k$ixfc*?LR 

#»#sm^s & s-fc#-e#sfcv^ a** s *> 

So 

[0077] mxmi 2<D%,wn, a*«i7isa*« 

fc t t»fflfls>3PB**»« £ ^m-T S - fc &X # S fc v * 

[0078] 3©»«tt, m^miibmm^m 
swwffifc&fit*-* Jitsm^at-i ^^rm^^^^-r^ 

[0079] 1 4 ©«wtt, < fc i>m&m 1 

ffifc#X££»*i::iE»£;h/o^sa>-cN 
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fcR«"S#»* s tt<* /hfflft3&«WIB^*?»fcfc 

x^tvm jiai"S - fc s fc 5a** s *> 

So 

[HBO«*4RW] 

[H 1 1 XlfcTBffi i «r*l-Kffiia-e*>s. 

[is 2] i^iwfig^Dt^^swtsfc^isis 

[(S3] HjiojftWRT-^w^iBa^Kwia-efes, 

[El 4] ra±o?«ff«aE1#i4I2!-CfoSo 

[El 5 ] Hi 4 <Dx — ^ ^rF owler— Nordhei 

[me] wuLom^ttaawsTRw+s^^KHT?*) 

So 

[13 7] nj2©»a*-¥"«>3i*^»*oKwia"e*> 

So 

[(g) 8] p±om^g^4b£^i~^:7T-fc5o 
20 [[§19] B±©t8E«)Xffi*ftfftt^t^7 7Tfc 

So 

[ia io] *is»tt2o»a^n-fe^fciawi-sfc*w 

[Sill] |ll±<DSiag^n-fe^SrttMi"S^:«><©^®X 

[si 12] ra±o«jE«acWtti2i-efeSo 

[SI 1 3 ] Si 1 2 ©7 — ^ £r F owler— Nordh 
e i mZfu v Y Lfc^777fM, 
[SI 14] l^lioflliSffioS^Fag^Sr^i-^^^-CfcSo 
JO [SI l 5 ] W±©tto*««©IWlBMb«3S«>BWBB-e 

£>So 

[SI 16] mifoMWi3<nM&y*^*&$&W1~Z>'fc£><D 

^KxawBia-efcs. 

[Ell 7] ^jft»«4S:^1-aJ»«fiS:I2l"CteSo 
[018] *16»«5fc*-rK»*lWfl«BI ,, e*>5. 
[Sll 9]"*«»»6fc*i-*l*«dtBI"C*>a« 
Hf*ORW] 

1 nlVya^Sfi 

2 ^ y ^ m# 

40 5 «L»JRBMt;S^fc#y vy 3 
7- 

i o «#i**t£!«rF-« 
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(12) 



ftM^l 1-329213 



[mil 



IM 2 ] 




1 n3&^'J=3>SS 
1 0 K#BrtfE*T® 



to) 



y x x 





[E3] 



[B4] 



I / 7 V / / / /ZZZ. 





lO' 10 I i — i — i — i — i — i L_ 

-20-15-10 -5 0 5 10 15 20 

mJEVps(V) 



1 7] 
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(14) 



<&M¥- 11-329213 



[128] 



1 1] 





10' 
10° 


J 


J J 

,< 




10° 






8c 

« 


10 2 
10 3 






{ A / cm 2 ) 


io- a 






w 5 
io- 6 


I 


J I 



4a 4b 



0.5 1 1.5 

( min ) 

[El 9] 



(a) 




(b) 



6a 6b 




to 0 



IO" 



CA/bm*)^ 



ion*' 



JO" J 



1 1 1 — 

— o- oo q po o 




(a) 



1 6 ] 



6a ,6 b 





so 



« 

(mA/fcnrfl 



1 5] 



20 

—•»*«»<*►) 



^4c 



(b) 




(c) 




-6 
"5 



-2 
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$fM¥- 1 1-329213 



[mi 2] [in] 




1 4] 



[IS 1 8] 





1 


1 1 1 1 1 

1 


10" 2 






10- 






10 s 






( A / cm 2 ) ; 


















to- 


1 


1 I 1 1 1 



4 6 8 

StlSl(hour) 



10 



X*v> 'J 7. rr > h t? — yl/gjfg. 



12 



iiiAiiii S5SS 

^□□□□D □□ •□□□D— 

□□□□□□ □□--.□□□O- 

□ □□□□□DD 

□□□□□□□□ —a □ □ □— 

— 

io 1016.0 



o 

I 



42 
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(16) 



ftmW-l 1-329213 




[SttJB] Ml 1^8^260 
I^IMSjE 1 ] 
[4ftjEtt**Bi«] Rftl* 

[^«tffi]E3] 

[4AjEM*3«g«] 0 0 0 9 



[0 0 0 9] 

nMf^yvy^^i^ »#7L»03Ky^y = 

tea* u-cjEffi* urmEE^r^^p-r^- 1 t-cfc 
?LH<p;Ky vy =a^ji^ x ^^u^,^(7>^B^#?Lg-fb 

W«tt*tRt ur*»»vy 3^*S<e2fW 
*»*SS £#9* mm ft ^ W«14Bii £r 7f2 j£ L 

[4tjE#**fll«] BJ&B* 
[«j£»*9[S«] 0 0 10 

[ooio] »*«2©«(sii, simte 

«5tSr*-i-S*?LW03Ky v-y , l£#?Lff<0# 
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(17) 



#Bfl*F 1 1 - 3 2 9 2 1 3 



x, ±ia^dFLggo/Ku >>y = >m\±. 

t£ft ^^^M^oi(^7^Si^ ^KWmfflKS: 
ct 5) ^*Wflc»««r*?L»kUfc*TLJt**«:Ji«r*iJffl 

I^JBMSjE 5 ] 

[ffijE*ftfegig£] 0 0 7 1 
[*iE*»] £H 

[0 0 7 1 ] 

1 td J: 9 &Jl?Sil£riI Itl^a^ Mt^^^tfoo 
t, Ji3B»?Lg<PzK y V!) n yltt, fr^W ^tP&S 
^#?LIC{b£^^ 



sts oflt id # 7 * g& * id « mttiM a u fc mm ft 
> h^m@fdit-<r N «^*©*ffi«<b»tws=* Mb 

*s |g I d ft 5 £ v n 5 ^) * # £ o 

[*§jE*j-*gfg£] 0 0 7 2 

[0 0 7 2] 2 ©*WM\ ffttttXK^: , 

S«<z>— ^ffiflil td^A £ jnmt £ tvfc-t- mtiL<n 

yvy=^JiJ:*d»riiSixfcA*H»iuii 
Bi*rW*tta6**d»urE«a: lt mn^fn^Di-^ d. i: 

±isfea^<ft^^$^«^^e^ur^tdfem^ 

offli Id 7 * S*£ ft if id sgmteM £ » fig L fc ft 



(51) Int. CI. 6 

H 0 1 J 29/04 
31/12 



F I 

H 0 1 J 29/04 
31/12 
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